ABSTRACT Background/Aims: Helicobacter pylori infection is a risk factor for gastric cancer and colorectal cancer (CRC). MDM2 SNP309 G/G
INTRODUCTION
Colorectal cancer (CRC) is the third and fifth most common type of cancer in males and females in Thailand, respectively (1) . Many studies have suggested that alcohol consumption, smoking, obesity, dietary habits, and family history of CRC are risk factors for the development of CRC (2) (3) (4) (5) . The association of Helicobacter pylori-related gastritis and CRC is inconclusive (6, 7) . Several studies have demonstrated that there is an association of H. pylori infection with CRC, whereas other studies have not shown such a positive association (8, 9) . Discrepancies in results between these studies may be attributed to differences in the strain of H. pylori causes the infection. Infection with the cytotoxin-associated gene A-positive (CagA+) strain is associated with a higher risk of colorectal adenocarcinoma than infection with the CagA-strain (10) . Screening colonoscopy can be performed to reduce the incidence of and mortality due to advanced colorectal neoplasia (CRN). In a large single-center study in Thailand, the incidence of colorectal polyps was 30.6%, as determined by screening colonoscopy; however, there is no report on screening colonoscopy in patients with chronic gastritis (11) . Clinical practice guidelines for CRC screening in 2016 do not recommend performing screening colonoscopy for CRC in patients with chronic gastritis (12) . A recent study in Thailand, "Thailand Consensus on H. pylori Treatment 2015." does not recommend performing screening colonoscopy for CRC in H. pylori-infected patients with chronic gastritis or premalignant gastric mucosa (13) . Mouse double minute 2 (MDM2) is an oncoprotein that acts as a negative regulator inhibiting p53 tumor suppressor activity (14) . Studies have shown that the MDM2 gene is involved in the inflammatory process, with p53-independent activation of nuclear factor-kappa beta. Altered expression of this gene is likely to contribute to the modulation of inflammation and carcinogenesis. It has been proposed that MDM2 overexpression results in a weakened p53 tumor suppressor pathway, resulting in a higher mutation rate, poorer DNA repair processes, and reduced apoptosis. Thus, the ultimate result is faster and more frequent tumor formation (15) . The levels of cell lines and tissues with the SNP309 G/G homozygous genotype shown at the RNA and the protein levels were elevated in cells with SNP309. Cells with SNP309 G/G homozygosity and a higher level of MDM2 protein had a lower apoptotic response than cells with T/T at the SNP309 locus (16, 17) . In our previous studies, genetic polymorphism of the MDM2 gene (SNP309) showed that G/G homozygosity is correlated with type 4 and type 5 gastric mucosal patterns, suggesting that the G/G genotype of MDM2 SNP309 contributes to histopathological severity (18) (19) (20) . The association of the MDM2 SNP309 polymorphism with CRC risk has also been reported (21) (22) (23) (24) . Terng et al. found that CRC risk is related to the upregulation of MDM2. They showed that patients with MDM2 upregulation are increased risk of CRC (25) .
The role of screening colonoscopy in H. pylori-related chronic gastritis has been inconclusive, even in Thailand. Therefore, the present study was aimed to determine the role of screening colonoscopy in patients with H. pylori-related chronic gastritis who carried the homozygous G/G genotype of MDM2 SNP309 and to investigate the association of MDM2 SNP309 G/G homozygosity with advanced CRN susceptibility in the Thai population.
MATERIALS AND METHODS

Patients
Esophagogastroduodenoscopy (EGD) was performed in 1,012 subjects with chronic abdominal pain who were enrolled between November 2014 and July 2017. In total, 331 patients with chronic gastritis were included; they carried the MDM2 SNP309 G/G genotype and were without a history of the following: H. pylori eradication therapy in the past 2 months; previous gastric surgery; use of gastrointestinal medications including PPIs; use of antimicrobials, H2-blockers, or bismuth compounds in the past 2 months; and CRC or incomplete colonoscopy preparation ( Figure 1 ). Good clinical practice recommendations following the guidelines of the Declaration of Helsinki were followed. All patients provided informed consent.
The study protocol was accepted by the Ethics Committee for Research Involving Human Subjects (EC-57-34).
Diagnosis of H. pylori infection, chronic gastritis, and advanced CRN
H. pylori infection was diagnosed while performing a histopathological examination. Biopsy samples were taken from the observation area, and H. pylori was detected using the rapid urease test on site (ProntodyleR, GASTREX, France). H. pylori infection was demonstrated by PCR. Chronic gastritis was diagnosed by five pathologists from a laboratory in Bangkok. The histopathology of advanced CRN was defined as adenomas that were >1 cm in diameter, high-grade dysplasia or invasive adenocarcinomas, villous adenomas, and >3 adenomas, according to the World Health Organization classification (26) .
MDM2 SNP309 polymorphisms analysis
MDM2 SNP309 genotypes were evaluated by real-time PCR using the LightCycler® 480 system (Roche Diagnostics, Neuilly-sur-Seine, France). The identification of PCR products was completed by melting curve analyses. Target PCR products were generated using primers as previously reported. The use of 3 µL of DNA templates in 20 µL of a PCR reaction mixture consisted of forward and reverse primers (20 M each), sensor and anchor probes (20 M each), 2 µL of Fast Start DNA Master Hybridization Probes, and 25 mM of MgCl2. PCR amplification included initial denaturation at 95°C for 10 min, annealing at 60°C Figure 1 . Flow chart of the study population for 10 s, and extension at 72°C for 17 s. G/G homozygous, T/T homozygous, and G/T heterozygous genotypes were analyzed using LightCycler® 480 Software 1.5 (Roche Diagnostics). The success rate of genotyping for each SNP was over 94%.
Endoscopic procedure
Esophagogastroduodenoscopy and colonoscopy procedures were conducted using a gastrointestinal video endoscope (Olympus EVIS EXERA III, CV-190, Japan). The whole stomach was investigated by performing conventional endoscopy. After mucosa of the whole stomach was noted, specific gastric mucosa was collected from the site using "site-specific biopsy" (27) . Colonoscopy was performed in patients with chronic gastritis with MDM2 SNP309 G/G homozygosity.
Statistical analysis
The association of the status of H. pylori infection with colonoscopy findings in patients with chronic gastritis and MDM2 SNP309 G/G homozygosity was analyzed using univariate analysis and logistic regression model analysis by adjusting for confounding factors. p values of <0.05 were considered statistically significant. All statistical analyses were performed using Statistical Package for Social Sciences Version 20.0 (IBM Corp.; Armonk, NY, USA).
RESULTS
Baseline characteristics of the study population
A prospective study of 1,012 subjects who underwent EGD for screening was performed from November 2014 to July 2017. Totally, 331 patients participated and were analyzed, while 664 patients were excluded because of their pathology reports, which did not clearly indicate advanced CRN. Patients who had the MDM2 polymorphism except for G/G homozygosity included 8 with a history of H. pylori treatment, 4 with incomplete colonoscopy, 3 with a history of GC, and 2 with a history of CRC ( Figure  1 ). The mean age of the patients was 49.1±8.2 years in the H. pylori-negative group and 44.2±6.1 years in the H. pylori-positive group. However, there were statistically significant differences in the distribution of gender between patients in the two groups. The baseline characteristics of the patients are shown in Table 1 . The chi-square test was used for categorical variables, and the t-test was used for continuous variables Informed Consent: Written informed consent was obtained from the patients who participated in this study.
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